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ABSTRACT 

This report provides interim fuel consumption guidelines for 
rive common slash fuel complexes found in Ontario. Slash fuel con 

sumption and depth of burn were found to be related Co preburn fuel 
loadings, and to fire weather as expressed by the Buildup Index (BUI), 
a component code of the Canadian Forest Fire Weather Index (CFFWI). 

The use of these guidelines for prescribed burn planning is discussed. 

a 

RESUME 

Le present rapport fournit des directives provisoires sur la 
consommation de combustibles relativement a cinq complexes de dechets 

combustibles se trouvant communement en Ontario. Une relation a ete 

etablie entre d'une part la consommation de dechets combustibles et 

la profondeur de brGlage et d'autre part les accumulations de com 
bustibles anterieures aux brulages et les conditions meteorologiques 
propices aux incendies en teraes d'Indice draccumulation (I.A.), 

lequel entre dans la composition de l'Indice canadien ForSt-Meteo 
(ICFM). L'utilisaticn de ces directives dans la planification des 
brulages dirigas est discutee. 
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INTRODUCTION 

The Canadian Forest Fire Danger Rating System has two component 

parts: the Canadian Forest Fire weather Index (CFFWI) (Anon. .1978) and 

a series of Fire Behavior Indices (FBIs). The former is on a relative 

scale while the latter are expressed in absolute values. 

The CFFWI is a measure of fire danger based on a series of fuel 

moisture codes. In general, personnel using the CFFWI rate fire danger 

and behavior higher or more extreme in a relative sense as the codes and 

indices of the CFFWI increase. This rating provides an important 

technique for planning presuppression action for any period of the fire 
season. 

Fire behavior characteristics, an important consideration when 
one is righting forest fires, can be determined for specific fuel 

complexes through the use of FBIs developed for that fuel type. Some 

of these fire behavior characteristics are fuel consumption, depth of 
burn, rate of spread, and frontal fire intensity as they relate to the 
codes and indices of the CFFWI. FBIs are currently being developed for 
a number of Ontario fuel complexes, in both standing timber and loceine 
slash. 

A Burning Index for jack pine logging slash was issued in 197? 
as Supplement ONT-1 to the CFFWI (Stocks 1972), and has served as a 

Dasis for developing prescriptions for most prescribed burns planned 
by the Ontario Ministry of Natural Resources (OMNR) over the past seven 
years. This index, now referred to as an FBI, provided fire management 
personnel with a means of estimating the codes and indices ot the CFFWI 
required to meet burn objectives set by timber personnel. 

Initially, FBIs were intended for use in estimating all fire 
behavior characteristics for important Ontario fuel types. For slash 
complexes, the FBI format is modified to deal only with specific fire 
behavior parameters such as fuel consumption and depth of bum. Esti 
mates of rates of spread and frontal fire intensities for slash com 
plexes are somewhat meaningless since they are based to a large degree 
on the ignition pattern chosen for the prescribed burn (M^Rae et al 
1979). This uncertainty generally precludes the use of these parameters 
in an FBI designed for prescribed burning in slash fuels, and as a result 
the tables contained in this report refer only to fuel consumption and 
cepth of burn. 

In previous years, Ontario fire management personnel working 
in slash fuel complexes other than jack pine used the Supplement ONT-1 
tables as a rough approximation of fire behavior in conifer slash in 
general, as no definitive information was available for other slash fuel 
types. Recently a large amount of data has been gathered on OMNR pre 
scribed bums and this information has been used in this report to 
produce interim fuel consumption guidelines for prescribed burning in 
jack pine and four additional fuel types. 
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PROCEDURE AND ANALYSIS 

Personnel from the Great: Lakes Forest Research Centre (GLFRC) 

engaged in prescribed fire research collected preburn and postburn fuel 

data on a number of OMNR operational prescribed burns during the 1977 

and 1978 seasons. Fuel sampling of slash was done according to a 

modified version of Van Wagner'3 (1968) line intersect sampling method 

as outlined in McRae et al. (1979). Both preburn and postburn fuel 

samples were taken along the same sample triangles to provide esti 

mations of slash consumption. Depth-of-burn measurements were taken 

according to McRae et al. (ibid.) in conjunction with slash measurements. 

Data were collected for five common logging slash fuel types found in 

Ontario: jack, pine (Pinus banksiana Lamb.), jack pine mixedwood, 

lowland black spruce (Picea mart ana [Mill.] B.S.P.)i upland spruce and 

balsam fir {Abies balsamea [L.] Mill.) slash (see Tables 5a-9a for slash 

description). 

A standard regression equation in the form Z = a + bx + cy was 

used for predicting slash consumption. In this equation 

Z * slash consumption (kg/m2), 
x = preburn slash fuel loadings (kg/m2), 
y = Buildup Index (BUI) of the Canadian Forest Fire Weather 

Index, and 

a,b and c are constants for a given slash type and diameter 

size class. 

Values for coefficients and correlation coefficient (R) values are 

given in Table I. 

Two equations were developed for each slash fuel complex, one 

far fine and medium slash fuels (0-6.99 cm) and one for large slash 

fuels 7.0 cm and greater. This was done since the degree of fuel 

consumption of a particular slash fuel piece should be determined 

largely by fuel moisture content (y, Buildup Index) and fuel size (the 

ratio or surface area to volume for each fuel piece). Larger pieces 

should dry and be consumed more slowly because their ratios of surface 

area to volume are lower than those for smaller pieces. 

A. standard linear regression equation in the form of Z = a + by, 

satisfying the equation Z <_x, was used for predicting depth of burn. 

In this equation 

Z = depth of burn (cm), 

s * preburn duff depth (cm), 

y = Buildup Index (BUI) of the Canadian Forest Fire Weather 

Index, and 

a and b are constants for a given duff type. 

Values for coefficients and correlation coefficient (R) values are 

given in Table 2. 



- 3 -

Table 1. Coefficient for slash consumption equations by slash fuel type 

and diameter size classes. 

Table 2. Coefficients for duff consumption 

equations by duff type. 

Prebum dutf depth was not considered in the equation, because 
durr drxes only from its cop surface downward and its moisture content 
is a result of previous weather conditions. Therefore, potential depth 
of bum estimated by this method will be greater than is" actually 
possxcle wnen the fuel moisture becomes sufficiently low for the bottom 
aurr layers to De involved in the combustion process. Users should 
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realize Chat depth of burn cannot exceed the duff depth (Z <_ y) , and 
the maximum estimated depth of burn obviously cannot exceed total duff 
depth. In this way, preburn duff depth enters the estimate as a 
restraint. 

The fuel consumption guidelines described are preliminary and 
are based on only a few experimental research plots representing a 
small range of possible preburn conditions and Buildup Indices (Tables 
3 and 4). Future research will reduce the extrapolation necessary in 
this report. 

FUEL CONSUMPTION TABLES 

Results from Tables 1 and 2 were used in the construction of 11 
tables for estimating fuel consumption and depth of burn. The purpose 

of these tables is to provide the prescribed burn planner with results 
obtained in this report so that he can develop the prescribed burn 

prescription. Tables 5a to 9b present slash consumption estimates for 

all slash fuel types. Part (a) of each table represents the 0-6.99 cm 

diameter size class while part (b) represents slash fuels 7.0 cm and 

greater in diameter. Table 10 provides data for estimating depth of 

burn for any of the five slash fuel type sites on the basis of the BUI 
in effect at the time. 

The estimates are based on a BUI calculated at the burn site at 

1300 hours on the day of the prescribed burn. Somewhat lower estimates 

can be expected for morning or evening burns when the relative humidity 

is much greater than that measured at 1300 hours. 

To use the slash consumption tables (5a-9b), one chooses the 

correct table for the slash fuel common to the prescribed burn site, 

then by interpolation from preburn slash loadings and BUI, one 

determines the potential slash consumption for the prescribed burn site. 

The estimate for slash consumption is made separately for slash between 

0 cm and 6.99 cm [part (a) of each table] and slash 7.0 cm and greater 

in diameter [part (b) of each table]. Total slash consumption can be 

estimated by adding these two estimates together. Depth or" burn 

estimates are made by choosing different ranges in the BUI for a particu 

lar duff fuel type (Table 10). To ensure that the prescribed burn plan 

based on the data in these tables is realistic, fire personnel in 

Ontario should make certain that the depth of burn is not greater than 

the preburn duff depth; to ensure that the fire weather prescription 

tor a given prescribed burn is realistic, they should use computer 

program PBWX (Martell 1978) . A description of the five common logging 

slash fuel types is included with the tables to provide a means of 

selecting the correct tables. 



Table 3. Ranges in slash consumption, preburn Slash loadings, and Buildup Index (BUI) used in 
developing coefficients found in Table 1. 



- 6 -

Table 4. Ranges in depth of burn and Buildup Index data used in develop 

ing coefficients found in Table 2. 

Each observation is an average of 5 depth-of-burn values except for jack 

pine which is an average of 27 to 60 measurements (Stocks and Walker 1972) 

obtained from Stocks and Walker (1972). 

The tables predicting slash fuel consumption and depth of burn 

will serve as a useful guide in the preburn planning stage of a pre 

scribed burn. These two variables are usually given as objectives for 

the burn and these objectives will determine the BUI required co achieve 

burn objectives. Example 1 makes use of fuel consumption and depth-of-

burn tables as described in this report for estimating the BUI range of 

the prescribed fire prescription. 
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1. The use of fuel consumption and depth-af-bum tables 

for estimating the 3L'I range o£ che prescribed fire 

prescription. 

The following cable shows a number of possible outcomes for 
a sice with an average jack pine slash fuel loading of 1.727 and 

3.873 kg/m2 for the 0-6.99, and 7.0 ca and graacer size classes 
respectively, burned under different BUI" conditions. 

BUI 

11-19 20-24 25-29 3C-34 

Slash consumpcion (kg/m2)" 

0 ~ 6-99 c:a 1-024 1.056 1.079 1.102 

Slash consumption (kg/rcr) 

t 7-° cm -722 .779 .820 .361 

Total slash consumption 

Qcg/m2) 1.746 1.S35 1.899 1.963 

"obtained from Tabla 5 (a). ,. 

b 
obtained from Table 5 (b). 

"obtained from Table 10. 

If a forest manager wished to remove a cuff layer 4 5 cm 
deep m order to prepare a seedbed, the fire manager would find 
in checking this cable, chat" his prescription ought to have a. S'JX 
in tne range of 25-29 or greater. Similarly, if he wished to 

remove at least 60% of the fine to medium slash fuels (0-6 99 cm) 
his prescription, without taking into account duff removal would 
require a BUI in che range of 20-24 or greater. 
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Table 10. Relacionship between Buildup Index (BUI) and depth of 

burn (cm) for five slash type sites. 

a 
Outlined portions of table show the range of-actual data. 
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PRESCRIPTION PREPARATION 

One of the more critical portions or the prescribed burn plan 

is in the development of a suitable prescription for carrying out the 

prescribed burn and meeting burn objectives. A prescription may 

require the quantitative estimation of a number of conditions (Table 11) 

to be met during the day of the prescribed burn. Many of these factors 

fortunately are correlated with the codes and indices of the CFFWI. 

This makes prescription preparation easier since only a few codes and 

indices must be estimated rather than all the conditions outlined in 

Table 11. In Ontario, OMNR personnel have expressed some concern about 

the method of making this selection for the prescription. 

To obtain the CFFWI codes and indices necessary for the pre 

scribed burn prescription, fire managers should follow the steps listed 

below: 

(1) Consult tables 5-10 to find the range in BUI values 

required to meet the prescribed burn objectives. 

(2) Record the BUI range obtained. 

(3) From Table 12, select a spread rate description applic 

able to your burn and find the corresponding Initial 

Spread Index (ISI) values for that spread rate. 

(4) Record the ISI range obtained. 

(5) On the basis of the figures obtained in steps (2) and 

(4), calculate the required Fire Weather Index (FWI) 

values from your CFFWI tables (Table 9) . 

(6) Record the FWI range obtained. 

(7) From Table 13, select an ignition rank description 

applicable to your burn and find the corresponding Fine 

Fuel Moisture Code (FFMC) range for that ignition rank. 

(8) To determine the required wind speed, use the ISI and 

FFMC values obtained in steps (2) and (4) and read off 

the required wind speed (km/h) from your CFFWI tables 

(Table 7). If the wind speed you have found appears 

too high for your conditions, revise your FFMC range 

upward and repeat step 5, or revise your ISI range 

downward in step 3. 

(9) Record the FFMC and wind speed values obtained. 
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(10) Determine the best wind direction for your burn and record 

It. Both wind speed and direction are dependent on the 

type of ignition pattern chosen for your burn. 

Table 11. Factors which may be used as prescription variables 

(adapted from Martin 1973). 

Heather 

Wind 

Temperacure 

Relative humidity 

Precipitation 

Atmospheric stability 

Sunny or cloudy 

Fuel 

Moisture content by 

size class 

Load 

Height 

Condition 

Fire 

Flame length 

Intensity 

Fire Application 

Ignition pattern 

technique 

Lighting method 

Soil 

Moisture 

Temperature 

Vegetation 

Condition 

Moisture content 

Time 

Seasonal 

Diurnal 

Canadian Forest Fire 

Weather Index 

Fine Fuel Moisture Code 

Duff. Moisture Code 

."Drought Code 

Initial Spread Index 

Buildup Index 

"Fire Weather Index 



Table 12. Relationship between ISI and race of spread (adapted from Muraro 

1975). 

ISI CLASS 

Maximum 

race of 

spread, 

(m/min) SPREAD RATE 

> 0 Low 

1-2 Low 

6-7 High 

8-10 High 

0.0 

1.0 

3-4 Moderate 5.5 

5 Moderate 7.5 

12.0 

19.0 

> 10 Extreme >19.0 

EXTREMELY SLOW - Excessive ignition densicy 

is required to obtain very poor coverage except 

in the most concentrated slash. No real spread 

of fire from ignition piles. 

SLOW - Normal ignition density provides satisfac 

tory coverage in favorable slash areas. Fires 

may start. 

MODERATELY SLOW - Normal ignition density provides 

satisfactory coverage in most slash; areas 

lacking slash may not be involved. 

MODERATELY FAST - Normal ignition density provides 

good coverage in all slash. 

FAST - Less than normal ignition provides zood 

coverage involving all fuels. 

VERY FAST - Less than normal ignition provides 

continuous coverage in all fuels. 

EXTREMELY FAST - Minimal ignition effort provides 

continuous coverage and involves all fuels. 

a 
Ontario Fire Weather Index classes 

Values obtained from Stocks and Walker (1972) for jack pine slash fuels. 
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(11) The historical use of the fire weather prescription in 
Ontario can be analyzed by means of the PBWX computer 

program (Martell 1977, 1978) available through the OMNR 

Aviation and Fire Management Centre1. This program can 
be used to determine how frequently the specific pre 

scription has occurred in the past. Such analysis permits 

a planner to evaluate the likelihood that the prescription 
will occur in the future. The variables used in this 

analysis should include only the FFMC, ISI and BUI. It 

is impossible to determine the precise probability that 
the prescription will occur because of the considerable 

variability in fire weather conditions from year to year2. 

Values for the Duff Moisture Code (DMC), Drought Code (DC), 
temperature and relative humidity are not a prime consideration in' 
setting burning prescriptions since they can be multi-variable and still 
achieve the same prescribed burn objectives. To obtain a similar BUT, 
there are a number of DMC and DC combinations that may be used This 
is also true for the FFMC where a number of combinations of tempera 
tures, relative humidity, wind speed and the previous day's FFMC can 

be used to obtain the same value. It is therefore less meaningful to 
set these as variables in a prescribed burn prescription. Elimination 
of these factors in the prescription ensures that the burning period 
for the particular prescription is effectively increased because there 
are fewer restraints. Placing prescriptions in range (e.g., BUI -
33-39) also effectively increases the number of burning chances. Exam 
ple 2 shows how_to construct a suitable prescription in jack pine slash. 

RESEARCH NEEDS 

Further research and analysis of the information presented in 
this report are required to improve the reliability of results. The 
number of prescribed burns examined should be expanded for all slash 
fuel types. This may be done through continued monitoring by GLFRC 
personnel, and through collection of data and storage in a data bank 
by OMNR personnel. 

With increased use of computer technology within the OMNR fire 
management operation, future work should be aimed at prediction of slash 

consumption on the basis of the five diameter size classes now used in 
documenting slash fuels between 0 cm and 6.99 cm in Ontario (M^Rae et 
al. 19/9). Because of the great variability in diameters for slash 

lP.O. Box 310, Sault Ste. Marie, Ontario. P6A 518 

2D.L. Martell, Dec. 17, 1979. pers. comm. 
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Example 2. Estimating prescription variables for the prescribed 

burn plan. 

In example 1, mineral soil exposure on a site which had a 

prebum duff depch of 4.5 cm was required for preparing a seedbed 

by prescribed burning. It was determined that a BUI of 25-29 was 

necessary to obtain the required duff removal (depth of burn), 

Since fire crews of this particular district are not 

experienced in prescribed burning, it is decided that a maximum 151 

of 5 (from Table 12) is sufficient cor rapid completion of the 

prescribed burn with relative safety. A. realistic prescription is 

set with an ISI range of 3-5. 

The range in ISI and 3UI values allows for a FWI range of 

6-10 as found in Table 9 of the CFFtfl cables. 

To permit easy ignition of the slash by the fire crews and 

to ensure aasy control, a moderate FFMC range (85-88) is chosen for 

the burn from Table 13. 

The ISI and FFMC values determined thus far were used to 

obtain a range in wind speed that would satisfy the ISI and FFMC 

values. Table 7 of the. CFFWI tables was used to obtain the 

following wind speed values: 

F7MC 

85 

86 

87 

88 

Wind soeed (km/h) 

To complete the prescription for this burn, planners set a 

wind direction of southwest as a requirement because of the ignition 

pattern chosen and forest values co be saved around the south 

western portion of the prescribed burn sice. An unstable atmos 

pheric condition was also stipulated to ensure adequate smoke 

dispersal. 
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pieces 7.0 cm and larger, computer technology could provide a one-on-

one basis for estimating slash consumption fay combining species and 

diameter size o£ the prebum slash piece and relating the product to 

Che 3UI in a program. The one-on-one concept of correlating individual 

consumption using the same fuel piece is important for larger slash 

pieces since consumption races can be vastly different for pieces of 

similar diameter but of different species type (e.g., balsam fir and 

poplar), and for pieces of the same species that differ greatly in 

diameter size. 
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